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ORIGIN AND DEVELOPMENT OF THE VASCULAR 
BUNDLE OF ZEA MAYS L. 
ARTHUR L. HERSHEY 
A longitudinal section of a corn stem thirty to forty days of age 
shows that the majority of the various primordia of the plant have 
been differentiated. All nodes are formed but packed very closely 
together (less than one inch in length) ; the' apex of the stem is 
differentiating to form the tassel ; the leaves are well differentiated 
and wrapped very tightly about the young staminate inflorescence ; 
eight to ten buds are visible in the axils of the leaves; and vascular 
bundles exist in all stages of differentiation and development. The 
bundles in the base of the stem are differentiated more than those 
near the apex, and the central bundles of the stem are more differ-
entiated than those of the peripherial areas. 
The apical meristem which forms the young staminate inflore-
scence consists of thin-walled, densely protoplasmic cells. Directly 
behind the tip groups of these cells begin to differentiate into nu-
merous vascular. primordia or strands. These strands are scattered 
throughout the stem with no definite arrangement, but tending to 
be more numerous toward the periphery. The cells of the vascular 
primordia are small in diameter, elongated, and have relatively 
large nuclei and dense protoplasm. In longitudinal section these 
strands of cells appear as striated bands. These cells appear to 
maintain their ability to divide for a limited time allowing the 
bundle to increase in diameter. 
The first noticeable differentiation within the vascular primor-
dium occurs toward the inside of the stem. One or more cells near 
the edge of the primordium increase in diameter and length and 
the walls become strengthened by the addition of narrow, lignified 
rings. These form the first annular vessels of the protoxylem. 
Additional cells soon differentiate centrifugally forming annular 
and spiral vessels and increasing the number of protoxylem ele-
ments. These vessels later collapse forming the lacuna of the vas-
cular bundle. 
Simultaneously with the first appearance of the protoxylem the 
first differentiation of the protophloem may be observed. A small 
group of cells on the opposite side of the strand from the pro-
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toxylem develops thickened walls which fail to stain like the other 
cells of the same region. Otherwise the protophloem shows no 
noticeable differentiation until the large xylem vessels have been 
differentiated. 
Following the formation of the protoxylem and protophloem the 
vascular primordium increases in size while the cells between the 
pdmordia differentiate as a parenchymatous tissue. The cells ad-
jacent to the vascular primordium remain relatively small in size 
and undifferentiated until the vascular bundle is nearly mature. 
These cells later become heavily lignified and form the bundle 
sheath. 
The next differentiation which occurs within the vascular primor-
dium is the rapid increase in diameter of two lateral rows of 
cells - one on each side - of the vascular strand. These cells do 
not increase in length but become highly vacuolated and develop 
thick walls. The end walls are later reabsorbed and the large pitted 
vessels are thus formed. The formation of the pitted vessels is 
usually accompanied by a simultaneous differentiation of one or 
more spiral vessels above the pr9toxylem. The formation of the 
spiral vessels is identical to that of the pitted vessels during the 
early stages of development. It is quite difficult to distinguish the 
two types apart during the earliest stages of development before 
the vessels lose their protoplasmic contents. During the later stages 
of development the spiral vessels have their walls strengthened ~y 
lignified spirals while the walls of the lateral vessels assume the 
characteristic markings of pitted vessels. 
Before the spiral and pitted vessels lose their protoplasm two 
other changes become noticeable "lithin the vascular primordium. 
First, the cells between the two pitted vessels assume a regular 
camoium-like arrangement and cell division may occur in this re-
gion for a limited time. These cells and their derivatives differen-
tiate to form phloem elements and small reticulated vessels in the 
center of the vascular bundle. Second, companion cells and sieve 
tubes become differentiated throughout the phloem region and 
assume the characteristic pattern of the phloem as seen in mature 
bundles in Zea mays. The differentiation of the small vessels in 
the center of the bundle and the lignification of the bundle sheath 
marks the maturity of the vascular bundle. 
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NOTES ON row A MOSSES - VI 
Lucv M. CAVANAGH 
In a paper presented before this Academy in 1931, the writer 
reported a species of Fabronia under the name F. gymnostoma. 
The species was collected by Dr. B. Shimek August 16, 1916, near 
West Lake Okoboji, where it occurred very sparingly near the 
base of a large partly decorticated red cedar ( J uniperus virginiana). 
Only a few old fruits were found. There were no peristomes, 
but a few rather ragged cells at the mouth of the capsule were 
taken to be a remnant of a membrane which closed the opening 
as in F. gymnostoma. 
As F. gymnostoma is the only described species which is not 
peristomate, the specimens were referred to this species despite 
the statement by Grout, in his discussion of the genus Fabronia 
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in "Mosses with Hand Lens and Microscope," that F. octoblepharis 
"is the only species likely to be found in our range." Conard and 
Wolden, however, after examining the specimens, state in "A Key 
to the Mosses of the Okoboji Region," that they believe the form 
to be "better referred to F. octoblepharis," the idea being that the 
peristome may have been broken away. 
A more careful study has brought out a number of differences 
between our specimens and both the above-named species, as well 
as the related F. Wrightii, which seem to warrant the recognition 
of our form as a new species. The species may be characterized as 
follows: 
Fabronia iowensis n.s. - (Fig. 1) - Capsule similar to that 
figured for F. gymnostoma in Sullivant's "Icones Muscomm," and 
the peristome apparently without teeth. Leaves ovate-lanceolate, 
gradually acuminate, with a long colorless point, costate to well 
above the middle ; the cells at base quadrate and extending well up 
the margin, the remaining cells elongated and pointed at the ends ; 
the margin usually ciliate-dentate; but in some of the leaves, and 
even entire plants, there is only a slight indication of marginal 
cilia. Perichaetial leaves oblong, abruptly long-acuminate, ecostate 
and ciliate-dentate. 
The following table, which was compiled (with the exception of 
the part concerning F. iowensis) from the Lesquereux and James 
Manual and from the text and figures in Sullivant's "lcones Mus-
comm," gives a comparison of the four related species, Fabronia 
octoblepharis Schwaegr, F. Wrightii Sulliv., F. gymnostoma 
Sulliv. & LesCJ; and F. iowensis (n.s.). 
The following species should also be added to the list of mosses 
contained in "A Key to the Mosses of the Okoboji Region" pub-
lished in the University of Iowa Studies in Natural History by 
H. S. Conard and B. 0. Wolden (1932). All had been previously 
reported from Iowa, and three, namely, Pottia littoralis, Amphi-
dium calif ornicum and Pyramidula tetragona, from the particular 
region in question. 
Pleuridium palustre B. & S. 
Didymidon rubellus (Hoffm.) B. & S. 
Pottia truncatula (L.) Lindb. 
Pottia littoralis Mitt. var. (?) 
Amphidium californicum Hampe 
Physcomitrium acuminatum B. & S. 
Pyramidula tetragona Brid. 
Bryum inclinatum (Sw.) Bland 
Pylasia Schimperi R. & C. 
Pylasia polyantha (Schreb.) B. & S. 
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Comparative Table 
F. OCTOBLEPHARIS I F. WRIGHTII 
Peristome of 8 geminate dark brown of 16 orange colored teeth, 
teeth, bifid when old. approximate in pairs. 
Leaves coarsely dentate. serrate or subciliate-den-
tate, 
costate to below the mid- costate to the middle, 
die, 
quadrate basal cells form- quadrate basal cells few 
ing nearly i of leaf and at the costa and extending 
extending slightly up the slightly up the margin. 
margin. 
Perichaetial oblong, abruptly short acu-
leaves minate, ecostate, coarsely 
serrate. 
F. GYMNOSTOMA 
absent, the orifice closed 
by a horizontal membrane. 
ciliate-dentate, 
costa diminishing to near 
the middle, 
quadrate basal cells sim-






ciliate-dentate (in some 
plants only slightly so). 
costate to well beyond the 
middle, 
quadrate cells few at base 
near the costa but extend-
ing well up the margin. 
oblong abruptly long acu-
minate, ending in a single 
long colorless cell, ecostate, 
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The following list was contributed by Dr. H. S. Conard: 
MOSSES NEW TO low A 
FISSIDENT ACEAE 
Fissidens. incurvus exiguus Austin. 
1. On limestone ledge, Ledges State Park. Boone County. April 8, 1933. 
Collected by Jess Fults. 
2. On sandstone, Fink's Riprap, one mile east of Turner. Jasper County. 
Nov. 4, 1933. Coll. H. S. Conard, H. French, G. Sayre. 
DICRANACEAE 
Pleuridium alternifolium (Kaulf.) Rabenh. 
1. In thin clayey pasture, one mile south of Moore. Poweshiek County. 
April 2, 1932. Coll. H. S. Conard, H. French, M. Rex. 
2. In edge of pasture, under fence, with Ceratodon and Bryum, 10th and 
Summer Streets, Grinnell. Poweshiek County. July 3, 1932. Coll. 
Conard. 
4. In grass, sandstone quarry east of Kellogg. Jasper County. March 1, 
1933. Coll. Conard. 
Dicranum Bonjeani De Not. 
Taxus bed near Abies balsamea, Old Stone House. Allamakee County. 
June 14, 1932. Coll. Conard. 
Dicranuni pallidum B. & S. 
Fink's Riprap. Jasper County. Nov. 4, 1933. Coll. Conard, French, Sayre. 
GRIMMIACEAE 
Grimmia alpicola Hedw. 
On various rocks. Boone County; coll. B. Blagg. Clayton County; coll. 
Conard. Dubuque County; coll. Conard. Henry County; coll. Blagg. 
Jasper County, coll. Conard. 
Grimmia apocarpa var. gracilis (Schleich.) Web. and Mohr. 
On ferruginous sandstone, Fink's Riprap. Jasper County. Nov. 4, 1933. 
Coll. Conard, French, Sayre. 
Grimmia apocarpa var. conferta (Funck.) Spreng. 
Fink's Riprap. Jasper County. Nov. 4, 1933. Coll. Conard, French, Sayre. 
Grimmia plagiopodia Hedw. 
Fink's Riprap. Jasper County. April 25, 1930; coll. Conard. Nov. 4, 1933; 
coll. Conard, French, Sayre. 
Grimmia pulvi nata (Hedw.) Sm. 
Fink's Riprap. Jasper County. April 25, 1930; coll. Conard. Nov. 4, 1933; 
coll. Conard, French, Sayre. 
EPHEMERACEAE 
Acaulon rufescens Jaeg. 
With Bruchia and Weisia. Field with scattered clover plants and ground 
cover of dead grass litter. Below Arbor Lake, Grinnell. Poweshiek 
County. April 23, 1932. Coll. French. 
TORTULACEAE 
Torte/la caespitosa (Schwaegr.) Limpr. 
Taxus bed near Abies balsamea, Old Stone House. Allamakee County. 
June 14, 1932. Coll. Conard. 
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Desmatodoii plinthobius Sulliv. and Lesq. 
1. On sandstone, Fink's Riprap. Jasper County. April 25, 1930. Coll. 
Conard. 
2. On south-facing sandstone wall, west track, 1 i miles west of Grinnell. 
Poweshiek County. May 23, 1932. Coll. Conard. 
ORTHOTRICHACEAE 
Orthotrichum obtusif olium Sch rad. 
White birch hillside 10 miles north-west of Waukon. Allamakee County. 
June 14, 1932 Coll. Conard. 
FUNARIACEAE 
Physcomitriuni Kellermani Eliz. Britt. 
Hanging bog, north field, Iowa Lakeside Laboratory. Dickinson County. 
July 1, 1932. Coll. W. Welch. 
BRYACEAE 
Mniobryum carneum (L.) Limpr. 
Jackson Township, Guthrie County. June 13, 1933. Coll. Sayre. 
HYPNACEAE 
Rhytidium rugosum (Ehrh., Hedw.) Kindb. 
On dry, flat areas under Pinus strobus on high limestone knob i mile 
east of Waterville Allamakee County. June 14, 1932. Coll. Conard. 
Eurhynchium strigosum var. praecox (Hedw.) Husnot 
With Eurhynchium serrulatum. Wooded glen one mile south of Hickory 
Grove. Jasper County. June 9, 1931. Coll. G. Lane and Conard. 
Leptodictyum riparium forma ftaccidum (L. & J.) 
1. On wet ground among reeds, west side of Gull Pond, West Okoboji. 
Dickinson County. July 1, 1930. Coll. Conard. 
2. Lotus pond. Fremont County. July 7, 1932. Coll. Conard. 
3. Slough near Scout Camp, Clear Lake. Cerro Gordo County. Oct. 7, 
1933. Coll. Conard. 
Leptodictyum rlparium var. abbreviatum (Br. & Sch.) Grout 
North sloping pasture l mile north of highway No. 6. Six miles west of 
Grinnell. Jasper County. March 17, 1929. Coll. C. Clarke. 
Amblystegium varium var. parvulum (Aust) 
1. With Brachythecium oxycladon. Quarry north of Le Grand. Marshall 
County. March 24, 1929. Coll. Conard. 
2. With Brachythecium and Eurhynchium. Fallen Rock, Eldora. Hardin 
County. May 17; 1929. Coll. Conard. 
Amblystegium varium var. ovatum Grout 
1. With Weisia viridula. Coal mine area, Moore. Poweshiek County. 
April 16, 1932. Coll. Conard. 
2. With Brachythecium cyrtophyllum, Amblystegium varium and Barbula 
unguiculata. On sandstone, near Grinnell. Poweshiek County. May, 
1932. Coll. Conard. 
3. Lake and woods, ! mile south of Lewis. Cass County. May 22, 1932. 
Coll. Conard. 
4. Taxus bed, near Abies balsamea, Old Stone House. Allamakee County. 
June 14, 1932. Coll. Conard. 
5. Wabonsie State Park. Fremont County. July 7, 1933. Coll. Conard. 
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Hypnum cupressiforme L., Hedw. 
Taxus bed near Abies balsamea, Old Stone House. Allamakee County. 
June 14, 1932. Coll. Conard. Matches a form from Nova Scotia 
(Grout). 
Hypnum arcuatum var. elatum Schimp. 
Near Iowa river, 2 miles north of Homestead. Iowa County. May 6, 
1933. Coll." Conard. 
H ypnum pratense Knoch, Brid. 
Fallen Rock, Eldora. Hardin County. May 17, 1930. Coll. Conard. 
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